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Abstract  
     This paper deals with various types of biomedical polymers and nanocomposites for the biomedical 
systems, devices, and diversity of applications. The toxic hazards may arise out of the applications of 
biomedical polymers and nanocomposites. The potential toxicity of monomers, additives, and fillers used 
in the manufacture of biomedical polymers and nanocomposites may lead to toxicological effects of these 
materials. The processing of these materials may be carefully controlled for sterilization and to prevent the 
toxic impact on human tissues and organs. New quality control measures and stringent toxicity evaluation 
methods must be developed for the safe use of these materials. Future efforts may focus the removal of 
systemic toxicity of biomedical polymers and nanocomposites. 
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1. Introduction 
     Biomedical polymers have been classified as synthetic polymers as well as natural polymers 
[1]. These polymers have been prepared using polymerization, polycondensation, and polyaddition 
of the monomers with specific chemical reactions. Generally, polymers and plastics are thermal and 
electrical insulators, corrosion resistant, robust, and processable for range of technical applications 
[2-6]. Degradation of synthetic plastic is usually very slow [7-9]. However, in case of biomedical 
polymers, biodegradation are advantageous for use in biomedical systems and devices. The 
contamination of biopolymers directly impacts the human health. Toxicological impact of 
biomedical polymers and nanocomposites have been focused for human systems [10]. For 
nanocomposites, nanoparticles have gained huge interest for variety of applications and industries. In 
biomedical applications, these nanoparticles have been widely used. The nanofillers have size <100 
nm. Such nanomaterials are easily taken up by cells. This opens up a huge range of interesting 
applications as well as toxic effects in human systems. Similarly, additives and fillers may cause 
toxicity effects, while using biomedical polymers and nanocomposites. Identification of potential 
health and environmental impacts of biopolymers allow judgements to be taken to improve their 
production processes and utilization. 
      In summary, this article establishes a picture of the toxicology of biomedical polymers and 
their nanoparticulate derivatives. It tracks for a more in profound study of the toxicological effects of 
these polymers and nanocomposites. Deeper studies may describe the interactions between the 
human cells and biomedical polymers and nanocomposites causing toxicity, in the future. 
 
2. Biomedical polymers 
     Polymers as elastomers and plastics have been used to advance the quality of life. Polymers 
have been used from engineering to biomedical industries. In biomedical side, generally polymers 
have been employed in syringes, water beds, hip joint prosthesis, catheters, medicine, and artificial 
heart valves [11]. These products are currently available in market for medical use. The biomedical 
device industries have focused the new formulations/designs, quality control, automated fabrication, 
and packing facilities [12-16]. Fig. 1 shows various natural and synthetic biomedical polymers used. 
Proteins, starch, polysaccharides, and cellulose have been used as natural biomedical polymers.  
     Among synthetic elastomers, polyurethanes, rubbers, and silicone elastomers have been used. 
Among synthetic plastics, poly(methyl methacrylate), polylactides, polyesters, polyols, and several 
others have been used. The biomedical polymers and devices have found commercial applications in 
drug delivery, bioimaging, antioxidants, theranostics, and artificial implants (Fig. 2) [17-20]. 
 
  
 
 
Ivy Union Publishing | http: //www.ivyunion.org                         August 30, 2019 | Volume 4, Issue 1 
 
Kausar A. American Journals of Toxicology 2019, 4:9-16                          Page 3 of 8 
 
7 
6 
 
 
 
Fig. 1 Biomedical polymers 
 
 
Fig. 2 Applications of biomedical polymers  
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3. Toxicology of biomedical polymers 
      Pure polymers usually do not have health hazards [21, 22]. During fabrication of plastics or 
elastomer-based biomedical devices, toxic monomers, raw materials, plasticizers, stabilizers, 
antioxidants, and fillers can be incorporated [23-26]. Biomedical polymers have been used as tissue 
implants (contact lens, artificial eye, catheters), permanent implants (heart valve, orthopedic 
implants, artificial organs), corrective devices (splints, films, protective cloths), and storage devices 
(containers/bags for blood). Toxicity in these polymers may lead to several problems such as 
systematic toxicity, tissue irritation, allergies, metabolic effects, bacteriologic infections, and 
immunologic effects, and carcinogenicity in human systems (Table 1) [27-30]. The toxicology of 
biomedical polymers may depend upon toxicity of monomers left unreacted, toxicity of additives, 
and toxicity of degradation products of plastics. In this regard, toxicology remedies involve 
sterilization methods, use of non-toxic monomers, and non-toxic additives. Potential toxic 
contaminants must be checked or removed beforehand during processing, sterilization, packing, 
storage, and transport of biomedical materials. 
 
Table 1 Polymer-based biomedical devices and their possible potential hazards 
 
 
 
 
 
 
 
 
4. Toxic effects of biomedical polymeric nanocomposite 
     The biomedical polymeric nanocomposites based on polystyrene, polyethylene and 
poly(methyl methacrylate) have been studied for in vivo degradation [31-40]. Polyamide and 
polyurethane plastics were found hydrophilic and more prone to rapid degradation rate. The Teflon is 
an inert plastic to form heart valves and fragmented coronary arteries. Nylon sutures and vascular 
grafts have been used as in vivo implants. Owing to rapid degradation processes of these polymers, 
nanocomposites have been designed using biomedical polymers and nanoparticles. Common fillers 
used in biomedical polymers are silicates, quartz, glass, nanocarbon, or glass beads [41-45]. 
Toxicology studies on fillers and biomedical nanocomposites have been carried out [46-50]. The 
fillers have been known to produce irritation/allergies to tissues and organs. In peridental dressings, 
asbestos fibers have been used as filler. In certain cases, biomedical polymers have been reinforced 
Biomedical devices Potential hazards 
Tissue implants: Contact lens, artificial 
eye, catheters  
Eye/tissue irritation, allergy 
Permanent implants: Heart valve, 
orthopedic implants, artificial organs 
Systematic toxicity, allergy, 
thrombosis, carcinogenicity 
Corrective devices: Splints, films, 
protective cloths 
Tissue irritation, systematic toxicity, 
allergy 
Storage devices: Containers/bags for 
blood 
Hemolysis, systematic toxicity, 
allergy 
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with flame retardants such as aluminum, antimony, boron, bromine, chlorine, molybdenum, nitrogen, 
etc. For example, rigid poly(vinyl chloride) has been filled with flame retardant additive due to 
inherent chlorine content [51-55]. Fig. 3 shows toxic effects of biomedical polymeric nanomaterials. 
The toxic effects may appear as poor cell attachment/proliferation, retention of growth factors, poor 
bioactive properties, poor cell differentiation, weak cellular support, and poor enzyme release. Thus, 
the overall system performance may be affected.  
 
  
Fig. 3 Possible toxic effects of biomedical polymer nanomaterials 
5. Conclusion 
      This article addresses systemic toxic effects of biomedical polymers and nanocomposites. 
Toxicological studies have shown irritation, allergies, carcinogenic effects, metabolic effects, 
bacteriologic infections, and immunologic effects of biomedical polymers and nanocomposites in 
human systems. Although the toxic impacts of biopolymer and nanocomposites have been found 
lower compared with the conventional polymeric materials.   
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